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Abstract 
The industrial energy diagnosis presented in this work occurred in a milk 
product cooperative, from an analysis of energy consumption in the main 
milk industrialization and a diagnosis of energy end uses of lighting and 
cooling systems. Almost all stages of milk industrialization are used hot water 
and steam generated in the boilers. The largest electricity consumption in this 
sector is by electric motors followed by cooling needed to maintain the quality 
of milk products. Because energy costs represent a significant portion of the 
monthly cost of the company, an analysis of the energy costs of the past two 
years to check the consumption of active and reactive energy and power de-
mand contracted is performed. This paper presents the main results of an 
energy audit in a milk processing industry in southern Brazil. 
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1. Introduction 
Energy is one of the basic pillars of mankind’s evolution, being as important as 
water and today as well as information. At present, the economic growth of the 
vast majority of countries is directly proportional to the increase in energy con-
sumption [1]. In this sense, a challenge in the modern world is to uncouple the 
growth of economic activities, in various fields, from energy consumption. Relief 
from this scenario can be achieved through better rationalization of energy use 
and greater application of energy audits and techniques to control energy con-
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sumption. Energy auditing can then be seen as a diagnosis of what can be done 
to make energy consumption more efficient and can also be seen as a measure of 
what has been done to improve energy efficiency. 
In the industrial context, the word “efficiency” can be defined as “producing 
more with less energy” [2]. Therefore, the question is: how to evaluate the effi-
ciency in the use of energy in a company in its plants and processes considering 
the quality and productivity of production lines. In the industrial sector, in less 
developed countries, energy efficiency has some barriers due to lack of informa-
tion about the investment, cost performance of new technologies and return 
time. Generally, the search for better energy efficiency faces a series of obstacles, 
related to technological issues but also related to the human factor. A significant 
portion of low energy efficiency can be associated with poor consumer habits in 
all sectors of economic activity [3]. 
Improvements in energy use can be obtained by means of guidelines, actions 
and control of human resources, with better materials and costs, reducing the 
amount of energy required to get the same results or products [4]. Actions for 
energy conservation do not imply directly or necessarily in energy rationing, but 
the elimination of losses and waste by promoting its rational use without com-
promising productivity or the quality of products and services [5]. Ref. [6] 
presents an interesting tool encouraging the renovation of buildings with differ-
ent lifetimes based on a study undertaken in Lombardy, Italy, aiming to obtain 
buildings more energy efficient. In this sense, some other works [7] [8] [9] [10] 
present in the literature discuss the energy audit of buildings for schools and 
other purposes and present very interesting results. 
The work to implement measures allowing more efficient use of energy is ar-
duous and the prior existence of public policies encouraging these actions can 
positively address this task, but lower costs for actions and a shorter time to re-
turn of investment always prevail as criteria for action feasibility [11]. This as-
sertion must have different validities in different sectors of activity, and the 
study undertaken by Murphy reports that in residences in the Netherlands it is 
the perception of residents about energy conservation which prevails over expert 
opinions [12]. The application of rather malleable industrial practices focusing 
on more energy efficient results is discussed by Petek et al. [13] who also 
presents some interesting case studies. 
A simple and straightforward way to obtain better efficiency in industrial 
processes is the process modeling and the subsequent optimization of produc-
tion processes. Charan and Prasad [14] present a very interesting and detailed 
study to improve efficiency in a dairy industry based on a modeling of industrial 
processes. Another work [15] shows a study based on data collected in eight in-
dustrial buildings of automobile manufacturers in Italy and the assembly of a 
model to evaluate the impact of different actions which aimed at reducing ener-
gy consumption. On a different path, the work led by Thollander [16] characte-
rizes energy consumption and identifies opportunities to raise energy efficiency 
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in small and medium-sized industries in Belgium, Italy, Japan and Sweden. 
Survey of data conducted in 2009 by the Brazilian National Confederation of 
Industries (CNI) enable an analysis of the potential for energy conservation as a 
function of the end use in various industrial sectors. The food and beverage in-
dustry has the seventh largest potential, in absolute terms, for the conservation 
of thermal energy and total energy consumption and the third largest potential, 
in absolute terms, for the conservation of electricity [17]. The food and beverage 
sector inserted in the dairy industry has great potential for energy savings in 
various uses. The use of electrical energy presents potential for energy savings in 
power, cooling, and lighting, which are the major consumers of electric energy 
in this industrial sector [18]. 
This paper discusses opportunities to use energy efficiency with energy diag-
nosis in a company of milk products that has two important points that should 
be considered. The first one is related to the administrative framework formed 
by employees of a public company that was privatized through the cooperative. 
The second point is that the profit does not belong to the company but to the 
State, therefore, any investment or technological change does not generate sig-
nificant profitability for the cooperative. 
The objective of this paper is to perform a diagnosis according to the reality of 
the company indicating possible changes. A data collection and analysis of 
energy consumption in each sector in the whole process of milk industrialization 
was done. An analysis on electricity bills was performed by checking the con-
tracts with the supplier of energy. The energy consumption of active and reactive 
in accordance with the periods of the year and times of day and the demand of 
active power contracted and used was verified. 
After that, the lighting systems and HVAC1 have been checked, the load in-
stalled and the main equipment used during processing. It was also evaluated the 
consumption of fuels for the generation of thermal energy in the boilers used in 
the process of pasteurization. After the survey data was determined, the potential 
for energy conservation for the final uses existing in the company through the 
identification of opportunities for deployment of measures that improve the use 
of energy. 
2. Energy Audit 
An energy audit is a sequence of inspection, survey and analysis of energy flows 
in a process or system to reduce the amount of energy input into the system 
without adversely affecting the quality of the energy outputs. An energy audit is 
the first step in identifying opportunities to reduce energy expenditure and car-
bon footprints. Rather than simply identifying sources of energy use, an energy 
audit seeks to prioritize energy-saving opportunities in terms of cost-effectiveness. 
One of the strategies of efficiency is the energetic diagnosis which consists in 
the data collection about the supply and the uses of energy in the production 
 
 
1Heating, Ventilation and Air Conditioning. 
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process. For the evaluation of the situation which allows the objective definition 
of improvement actions to be conducted [19]. It is necessary to diagnose the 
energy reality to then establish priorities, implement the projects of improve-
ment and reduction of losses and monitor their results, in a continuous process 
[20]. 
Figure 1 illustrates the steps of a program of rational use of energy. The four 
first steps shown in the right side of the energetic diagnosis meets the first two 
items at left, identifying and quantifying the energy flows throughout the pro-
duction process for goods and services [20]. The energetic diagnosis does not 
deal in detail the economic aspects and discusses the energy consumption. 
The data feeding the energy audit process, in this case objectively, will be ob-
tained by consulting documents, inspecting equipment and evaluating industrial 
processes. The electricity consumption accounts provided by the local conces-
sionaire will allow the elaboration of a time series of energy consumption. The 
equipment inspection aims to determine the consumption information of each 
equipment used in the industrial processes and in the support sectors of the 
company. The evaluation of the industrial processes aims an evaluation of possi-
ble stages of the industrial processes that are demanding a consumption of 
energy greater than expected. 
3. Checking the Processes 
The industry has a variety of environments where can be observed the energy 
consumption, lighting system; HVAC; electric motors and compressors; boi-
lers. 
The industry has three lighting environments: offices (administrative), exter-
nal (at night) and the lighting of the industrial area including the laboratory. 
Considering the three environments, there are 17.088 kW of power installed in 
the lighting system. The average daily consumption of 27,574 kWh 18% is used 
by the administrative sector, 35% used in environments of industrialization and 
47% used for exterior lighting at night. Whereas twenty-two days in the admin-
istrative sector and thirty days in the industrial sector and external lighting,  
 
 
Figure 1. Stages of a program of rational use of energy. 
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there are an average consumption of 8126.28 kWh/m. Comparing this value 
with the sum of the monthly averages of active energy and outside edge, the sec-
tor of lighting accounts for approximately 4% of monthly consumption. 
In the lighting system it is recommended to complement with fluorescent 
lamps on the laboratory benches to meet the minimum illuminance value indi-
cated by the corresponding technical standard for this type of activity. In order 
to reduce lighting costs, it is recommended to reduce the power of the lamps in 
the administrative sectors, since in these places a value well above the minimum 
recommended by the corresponding technical standard has been verified and it 
is possible to have a good use of natural daylight. In outdoor lighting, it is rec-
ommended to shorten the time that the lamps remain lit at night by inserting 
light and motion sensors because the lamps used in this area represent 34% of 
the energy consumption in illumination. 
The company has seven air conditioning equipments that represent a con-
sumption of 27.26 kWh. Is there an average consumption of 6613.6 kWh/m 
which represents approximately 3% of monthly consumption of energy. It was 
verified that the refrigeration unit is regulated with temperature at 4˚C. The re-
frigeration unit is situated between the laboratory and the industrial sector of 
powdered milk without incidence of solar radiation this reduces considerably 
the heat load on the environment. 
The total electrical load installed (610 kW) of electrical motors and compres-
sors used in the main processes of industrialization of milk is higher than the 
total demand for electrical power employed by the company (550 kW), however, 
the electric motors do not operate in all of its power and not all equipment op-
erate simultaneously. 
In the air conditioning sector, the main recommendation for cost reduction is 
the replacement of window-type air conditioners for split models that are more 
efficient and economical. It is recommended that in the acquisition of new ap-
pliances that verify the power according to the facilities and activities, therefore, 
it was verified equipment with power well above the necessary for thermal com-
fort in the administrative premises, caused unnecessary costs in air conditioning. 
Although no measurements of electrical quantities were made directly on the 
motors, the load factor and power factor analyzed from the electric power in-
voices allow concluding that some modifications of operation in the motors 
would bring significant reduction of energy consumption. Therefore, it remains 
as the main recommendation to increase the energy efficiency of the industry to 
perform such measurements and corrections. 
The industry uses two fire tube boilers with each capacity for 6000 l/h of 
steam. Are burned daily about 90 m3 of wood. The wood used is, generally, eu-
calyptus or pine trees, which are, on average, lower calorific value of 3500 
kcal/kg and specific weight of 500 kg/m3 [21]. Therefore, approximately 45,000 
kg of wood is used per day, corresponding to 15.75.107 kcal. Considering the ef-
ficiency of the boiler about 70%, this is equivalent to 128.2 MWh of thermal 
energy is used in the milk industrialization process. 
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The tariff analysis showed that the company is correctly framed in the billing 
option and that the contracted power demand is in line with the needs of the 
industry. The analysis of the active and reactive energy consumption at the peak 
and off-peak times showed that it is not economically advantageous to use the 
generator at peak hours, as the company reduces the activities at that time. 
Considering the process of milk industrialization, the largest source of energy 
used is of thermal origin, coming from the burning of wood in the boilers. Thus, 
reusing the water withdrawn in the process of manufacturing powdered milk to 
clean the machinery and treat it for use in the boilers represents a significant 
reduction of costs as well as shows the concern of the company with the envi-
ronment. 
For an industry of this size it is recommended the creation of an Internal 
Energy Conservation Commission (CICE) or some other group with specialized 
people whose task is to analyze the energy performance of the facility. The ener-
gy consumption data presented here may be used by the company for a complete 
program of rational energy use, including an economic feasibility analysis and 
time of investment return of the measures proposed here. 
4. Demand for Electrical Power and Energy Consumption 
The electric bills of the company from December 2011 to November 2013, in-
cluding two complete cycles of wet and dry seasons, were evaluated. This al-
lowed an energy analysis of the consumption of electric and power demand. In 
July 2012, the company reduced the contracted demand of 730 kW to 550 kW 
and, even so it can be verified that this two-year period the company has ex-
ceeded the value contracted only on two occasions. Evaluating the seven months 
that the company hires 730 kW, the maximum demand was 524 kW off-peak 
times. After the reduction to maximum demand recorded, was 560 kW at peak 
times and 561 kW at off-peak times. Even so, it remained within the 10% al-
lowed by legislation so that it will not be charged for demand for overtaking. 
Figure 2 shows the electrical power between December 2011 and November 
2013. 
Even the unitary value of kW cheaper for contracts for the larger demands the 
reduction of demand was important and represented a savings of 11.7%, equiva-
lent to approximately $1175.00 per month. Figure 3 shows the active power 
consumption at peak times and off-peak times between December 2011 and 
November 2013. The average consumption in off-peak times was 186,635 kWh 
and at peak times was 9891 kWh. These figures show that the industry seeks to 
reduce consumption during peak times. However, the cost of use of the genera-
tor at time of tip is not advantageous economically. 
In the graph in Figure 3 there is not a directly proportional relationship be-
tween the consumption and the harvest period and season of the company. 
However, questioning employees about these differences, it was explained that 
the low value of consumption in the beginning of 2012 is due to the period of  
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Figure 2. Graph with electric power demand between December 2011 and November 2013. 
 
drought, which were in the region, which has done serious damage to agriculture 
and, consequently, the production of milk. The high consumption of July and 
August of 2012, in the offseason, is justified by the outsourcing of services. 
R. G. Gonçalves et al. 
 
 
DOI: 10.4236/jpee.2018.61003 28 Journal of Power and Energy Engineering 
 
 
Figure 3. Graph with active energy consumption between December 2011 and November 2013. 
 
Figure 4 shows how the load factor is unstable throughout the period under 
examination. The maximum value recorded at the off-peak times was 0.78 and 
the peak times is 0.72, while the recommended by the legislation is not less than  
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Figure 4. Graph with load factor between December 2011 and November 2013. 
 
0.92. This indicates that there is a concentration of power in a short period of 
time, however, the average of 0.51 for the off-peak times and 0.39 for the peak 
times, respectively, are within the typical value for this industrial activity. 
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5. Conclusions 
This paper presented the main results of the application of a basic energy audit 
methodology to a dairy industry. From the visits carried out to accompany the 
industrialization of milk, the transformation of electric and thermal energy dur-
ing the production process was studied, as well as a diagnosis of the end uses in 
the company, such as lighting, air conditioning and power. In general, the analy-
sis of the data allows concluding that the company makes good use of electric 
energy and that has been developing actions in order to increase energy effi-
ciency. 
Based on requests made and the analysis performed in relation to the energy 
consumption of the main processes of industrialization of milk, a diagnosis in 
accordance with the energy consumption of the company in each sector was 
performed. There were components of the industry where the energy consump-
tion was greater than that required for the realization which each stage of the 
production process of milk from this point was proposed new suggestions to be 
avoided this consumption in excess. 
On the lighting sector, the tubular fluorescent lamps were replaced by fluo-
rescent TL5 HO, reducing energy consumption. In the sector, air conditioning 
was recommended to be installed an automatic switch so the lamps were turned 
off automatically, so when they had people on site that would be avoided. The 
sector of electric motors and compressors can realize the total load installed is 
greater than the total demand of power employed by the company, but taking 
into account that the facilities are not used simultaneously. There are major 
concerns. The boilers had a considerable increase in the use of heat, when it was 
replaced coal for firewood, which was usually eucalyptus or pine wood. There-
fore, from all aspects raised in the house process of industrialization, one can 
conclude that the company may still reduce more excessive consumption of 
energy. 
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